genomic wealth of rhizosphere microbes. Hence, this update will mainly focus on the existing knowledge 1 3 0 based on the root microbiome, its functional importance, and potential relationship to the establishment of 1 3 1 a host 'phenome', towards achieving sustainable agriculture.
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Characterization of soil microbiome:
Plant microbiomes are diverse, consisting of detrimental pathogens, potential endophytes, and 1 3 4 beneficial symbionts (Beattie and Lindow, 1995; Rosenblueth and Martínez-Romero, 2006) . As the soil 1 3 5 matrix is considered a favorable niche (Lavelle and Spain, 2001) , the bacterial density can reach up to 10 6 1 3 6 to 10 7 cells/cm 2 (Hirano and Upper, 2000; Lindow and Brandl, 2002) . But, classically, the microbial 1 3 7 diversity was evaluated by isolating and culturing on different nutrient media and growth conditions. Various plants nutritional and regulatory requirements are fulfilled by microbial activities inside, on the 1 3 9
surface, and in proximate soil surroundings (Vessey, 2003; Lugtenberg and Kamilova, 2009 ). These plant beneficial activities. Besides, they are also used to find the genetic components behind these beneficial phenotypes and their characterization. However, the culture-dependent approaches miss the 1 4 7 majority of the non-culturable microbial diversity in the microbiome. In addition, there are very few Smalla, 2009; Dennis et al., 2010; Berendsen et al., 2012; Chaparro et al., 2012; Philippot et al., 2013; 2 3 3 Turner et al., 2013a; Spence and Bais, 2013; Minz et al., 2013) . However, the extent to which both abiotic 2 3 4
and biotic factors contribute to microbial communities is not fully understood.
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Determination of microbiome by host:
Host genotype:
Plant host specificity is well understood in the case of phytopathogenic interaction with fungi or studied and shows highly host-specific interactions (Long, 1989) . Earlier studies that determined 2 4 0 microbial communities using automated ribosomal intergenic spacer showed that differential plant 2012; Lundberg et al., 2012) . In another study involving wheat, pea, and oat were grown for 4 weeks in 2 4 7 similar bulk soil and microbiomes was evaluated. Interestingly, microbiome was found to be different plant species. Oat and pea exerted strong selection on eukaryotes, whereas selection by wheat was much rhizosphere microbial community composition (Peiffer et al., 2013) . However, the conclusion that the operational taxonomic units were dependent on the host genotype by 40% soil specific abundance 2 5 7
( Weinert et al., 2011) . Interestingly, potato cultivars showed differences in microbes belonging to the 2 5 8
families of bacteria that have been extensively studied for their ability to control plant pathogens (Weinert et al., 2011) and in another study it was shown that plant age and genotype of sweet potato also 2 6 0 influenced the root microbiome (Margues et al., 2014) . Similarly, the structure and function of 2 6 1 rhizospheric bacterial community associated with Arabidopsis at four different plant development stages (seedling, vegetative, bolting, and flowering) were analyzed and showed that there were no significant 2 6 3 differences in bacterial community structure (Chaparro et al., 2013 upland conditions, respectively.
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In another study, Shakya and coworkers (2013) showed that a high percentage (>90%) of further appraisal based on a wider range of plant genotypes. abundance of microbial communities (Kniskern et al., 2007) . It was shown that activation of a plant's JA other hand production of a single exogenous glucosinolate significantly altered the microbial community colonization of root-associated microbes. These studies showed that even a minor modification in plant
roots could have important repercussions for soil microbial communities. However, the chemical cue that
triggers the increased colonization under aerial herbivory has not been discovered yet.
Alteration in root secretions:
Rhizodeposition represents approximately 11% of net fixed carbon and 27% of carbon allocated 2013). Microbiome composition was also affected by altering the composition of root exudates.
Specifically, this was done by increasing the phenolic compounds as compared to sugars by creating an the concept that plant root secretion may play a strong role in shaping up the rhizospheric community
structure and function (reviewed by Berendsen et al., 2012; Huang et al., 2014) .
In recent years, plant-microbe interaction studies were carried out with specific plants and
microbes, and low molecular weight organic acids in the root exudates such as L-malic acid, citric acid,
and fumaric acid were shown to act as chemo-attractant to establish root colonization (Rudrappa et al.,
2008; Lakshmanan et al., 2012; 2013; Tan et al., 2013; Liu et al., 2014) . These studies suggests that biotic
or abiotic stress regimes may modify secretion of organic acids in the root exudates and attract specific structuring rhizospheric microbial communities (Marschner et al., 2002) .
Potential impact of soil microbiome on host: from 'genome' to 'phenome':
The rhizospheric microbiome can impact plant growth and development, as their interactions are attack. This study was further extended by culture-dependent methods, where one of the major
Pseudomonadaceae group members was shown to be antagonistic against R. solani infection and tracked
the key genetic element as a nonribosomal peptide synthetase (NRPS) gene. This study (Mendes et al.,
2011) is particularly thorough as it applied concurrent analysis using both culture-dependent and -
independent approaches and demonstrated the ability of a sympatric soil microbiome to increase
Arabidopsis thaliana growth under drought conditions (Zolla et al., 2013) . Against convention of single
bacterial application to combat drought, this study unraveled the importance of the soil microbiome as a
whole, in alleviating drought stress. The study considered analyzing both the drought response genes in
the host and the molecular profiling of the soil microbiome involved in the process. In the microbiome
analysis, there were 33 genera in the core microbiome of A. thaliana soil which were already reported to
be the part of core microbiome of this species. Among them, the 14 OTUs were more highly abundant in
the A. thaliana microbiome compared to other non-sympatric (pine and corn) soil microbiomes. These 14
OTUs cover species including Micromonospora, Streptomyces, Bacillus, Hyphomicrobium, Rhizobium,
Burkholderia and Azohydromonas. Further, it was concluded that various soil microbes play a role in
improving the host ability to sense and respond to drought. Another study by Badri and coworkers
(2013a) has demonstrated the significant effect of various soil microbiomes (from different hosts) on the speculate that such a connection and impact from below ground and above ground plant organs may not
only be involved in herbivory, but, also in manipulating other multitrophic interaction with microbes,
animals, and neighboring plant species.
structure. Some studies have demonstrated the inevitable role of certain endosymbionts (either AM fungi
or diazotrophs) in the initial establishment of species in a new environment or community conversion due 3 9 7
to positive feedback, but likley leading to exotic species dominance instead of establishing a diverse plant
community (Rejmanek and Richardson, 1996; Larson and Siemann, 1998; Klironomos, 2002; Fitzsimons 3 9 9 and Miller, 2010). However, this positive feedback will have a potential role to play in an agricultural
system, where single monoculture crops are used instead of a diverse species population. In contrast, 4 0 1 through negative feedback, the remnant whole soil microbial communities from native ecosystems can 4 0 2 help achieve restoration of native plant communities. The plant diversity was well restored in tallgrass prairie by microbial-mediated negative feedback from native plant soil (Fitzsimons and Miller, 2010) .
However, a separate study explored the microbial community structure and composition (Rosenzweig, 4 0 5 2013), and there were no connective studies between soil microbiome and ecological restoration projects.
Hence, these feedback mechanisms should be analyzed along with microbiome structure and function by 4 0 7 coupling metagenomics, which will enhance our knowledge on the signature microbiome involved in 4 0 8 such mechanisms. In addition, the negative feedback is almost essential to ecosystem restoration and
engineering, which is a serious global concern due to pressure of 'global warming' and other growing community feedback is also believed to confer host-specific symbionts to certain species that are at risk of advancing, these improvements can be adopted and modified accordingly to be used for 'preservation of The endosymbiotic microbiome of a plant host is another important resource of many functional 4 1 7
genes and metabolites, with specific roles established in host stress tolerance, defense against pathogens, entangled communications with the abundant soil microbiome, which acts as a source to provide host-4 2 5 specific microbial partners. These observations ascertain that our understanding on the evolutionary and etc.,) that microbes play a role in shaping a hosts phenotype (Figure 2 ). Now, it is time to move forward 4 3 8 from this dissected approach to a holistic one, as it exists in nature. Implication of soil microbiome on sustainable agriculture and food security:
In order to feed a present population of 6.9 billion, the world will need a new vision for
agriculture. Delivering food security, the process of increasing food production, and improving food green revolution (Gupta, 2012) . Sustainable agriculture development is needed to mitigate these issues. conserving of natural resources, and that ensure food safety and quality. It is our view that the most venture, after we found that the whole microbiome is essential and indispensable portion, as being second 4 6 5 genome of plant host, 'the metaorganism'.
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Conclusion and Future Perspectives:
Plant root microbiome is a complex community formed by the organism that may be detrimental or 4 6 8 beneficial to the host plant. Unfortunately, the studies on interactions of host-beneficial and host-pathogen have been carried out in isolation. Experimental evidence is needed to understand the root microbiome in to expand our molecular understanding of plant-microbiome interaction and its impact on plant health and
productivity. Still, the key player(s) in terms of microbiome structure have not been identified.
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Accordingly, there lies a big gap in identification of molecular components involved in the interaction
between the host plant and the microbial population. Moreover, these recent microbiome analyses tried 4 7 9
merely identify its structure and complexity rather than how these microbial assemblages are altering 4 8 0 plant phenome which is quintessential to explore towards its utilization. In addition, there would be cross- by the microbiota and this will continue to be an important research area considering plant fitness and Phytopathol 33: 145-172. genetic diversity and plant growth promoting activities of nitrogen-fixing bacilli isolated from rice fields East R (2013) Microbiome: Soil science comes to life. Nature 501: S18-S19 shown on large sections of roots using enrichment sample preparation and confocal laser scanning shown impact on plants stress against both biotic and abiotic regimes. The phenotypes induced by single 8 5 6
isolate treatments are encouraging yet several fundamental questions remain unanswered and is discussed permission, from Kutschera, 2007 and Image in part F is adapted from http://endophytes.eu. 
